ABSTRACT. The mouse bioassay (MBA) for paralytic shellfish poisoning (PSP) toxins has been used in the AOAC Official Method and the official Japanese method. In the AOAC Official Method, the saxitoxin (STX) standard provided by the U.S. Food and Drug Administration (FDA) is used, but no standard is used in the official Japanese method. The objective of this study was to compare the toxicity of decarbamoyl STX (dcSTX), one of the derivatives of STX and a candidate standard for the MBA for PSP toxins in Japan, to that of FDA STX in the MBA platform. In this study, the toxicity of dcSTX was 918.0 ± 44.9 mouse units/µmol, and the relative toxicity ratio of dcSTX to FDA STX based on moles was 0.478. KEY WORDS: comparative toxicity, decarbamoyl saxitoxin (dcSTX), mouse bioassay (MBA), saxitoxin (STX)
The mouse bioassay (MBA) has been used as the official method for detecting paralytic shellfish poisoning (PSP) toxins in Japan since 1980 [7] . Briefly, the MBA for PSP toxins is performed as follows: Five or more male ddY mice, weighing 19-21 g (about 4 weeks old of age), are intraperitoneally (i.p.) injected with 1 ml of acid extract of a shellfish sample, and the time of death (the time from the end of the injection to the last gasp of breath) is observed. If the median death time is <5 min, the assay is repeated by diluting the extract so that the animals die 5-7 min after injection. The toxicity of the sample, expressed in mouse units (M.U.), is calculated from the median death time of a total of 5 or more mice by using Sommer's table (table concerning the relationship between death time and M.U. for PSP toxins). If mice, weighing <19 g or >21 g, are included in the assay, weight correction using a correction table for the weight of the mice is needed [4, 6] . The official Japanese method basically conforms to AOAC Official Method 959.08 [1] . In AOAC Official Method 959.08, however, use of a saxitoxin (STX) standard provided by the U.S. Food and Drug Administration (FDA, Rockville, MD, U.S.A.), as a control is required, and toxicity is expressed in µg STX equivalent (STX eq), rather than M.U., calculated by using the results obtained with the STX standard, due to differences in such things as mouse strain, sex and conditions. (No details are provided regarding the requirements for mouse strain and sex in the AOAC Official Method.) In Japan, however, possession of STX is restricted by the Act on the Prohibition of Chemical Weapons and the Regulation of Specific Chemicals, so the STX standard cannot be used in most facilities. Accordingly, in the official Japanese method, the strain and sex of the mice used are designated as an alternative to using the STX standard [4] .
Decarbamoyl STX (dcSTX), which is one of the derivatives of STX and is not restricted by the Act on the Prohibition of Chemical Weapons and the Regulation of Specific Chemicals, is considered a candidate standard for the MBA for PSP toxins in Japan. In this study, we aimed to compare the toxicity between FDA STX and dcSTX using the MBA platform for PSP toxins.
Toxins: STX (100 µg/ml, lot No. 088, purity unknown, as STX·2HCl) was kindly provided by the U.S. FDA. dcSTX (2.55 nmol/ml, purity >95.0%, as dcSTX diacetate salt) was kindly provided by the Hatano Research Institute, Food and Drug Safety Center (Hadano, Japan).
Animals: Specific pathogen-free male ddY mice at 4 weeks old of age were purchased from Japan SLC Inc. (Shizuoka, Japan) and kept in our animal facility for 1 day. The mice were kept at a room temperature of 20-26°C and relative humidity of 30-70%, with a 12-hr light (09:00-21:00)-12-hr dark (21:00-09:00) cycle. The mice were housed in plastic cages with wood chip bedding and were fed commercial pellets (CRF-1; Charles River Laboratories Japan Inc., Yokohama, Japan) and tap water ad libitum. All animal experiments were conducted with the approval of the Animal Care and Use Committee of the National Institute of Health Sciences, Japan.
Experimental designs: The MBA method was basically in accordance with AOAC Official Method 959.08 [1] and also the official Japanese method [4] . STX and dcSTX, adequately diluted in each experiment, were injected i.p. into 5 mice each, the time of death was measured, and the toxicity results (M.U.) were calculated by using Sommer's table and the correction table for the weight of the mice. In this study, weight correction was applied for more precise calculation, although all of the mice used weighed between 19 g and 21 g. Then, the toxicity of dcSTX expressed in µg STX eq, was calculated by using the conversion factor (CF) for STX. The experiments were performed 3 times. The results of the individual experiments are shown in Table 1 , and statistical summaries are shown in Table 2 . In each of 3 experiments, the toxicity of dcSTX diacetate salt was calculated using the CF for STX (·2HCl), followed by the AOAC Official Method. It was calculated that 0.640-0.673 µg of dcSTX diacetate salt represented 0.277-0.335 µg STX eq (officially called STX eq in the AOAC method but should be called STX·2HCl eq, as the FDA STX standard is not STX but is STX·2HCl), and the toxicity ratio of dcSTX diacetate salt to STX·2HCl based on weight was 0.473 ± 0.035 (0.433-0.498) (Tables 1 and 2 ). The molecular weights of STX·2HCl, STX, dcSTX diacetate salt and dcSTX are 372.21, 299.29, 376.37 and 256.26, respectively, and it was calculated that the toxicity ratio of dcSTX to STX based on weight was 0.559 ± 0.042 and that that of dcSTX to STX based on moles was 0.478 ± 0.036 (Table 2) .
Previously, Oshima [3] reported that the toxicity values of STX and dcSTX were 2,483 and 1,274 M.U./µmol and that the relative toxicity ratio of dcSTX to STX was 0.513. Recently, Munday et al. [2] reported that the toxicity values of STX and dcSTX were 2,090 and 1,330 M.U./µmol and that the relative toxicity ratio of dcSTX to STX was 0.636. In this study, the toxicity values of FDA STX and dcSTX were 1,923.1 ± 59.4 and 918.0 ± 44.9 M.U./µmol, and the relative toxicity ratio of dcSTX to FDA STX was 0.478. In our present results, the relative toxicity ratio of dcSTX to STX was quite similar to that in Oshima's report, although the toxicity values of dcSTX and STX were slightly lower than those in the other 2 studies. As mentioned above, there is no standard used in the official Japanese method, and dcSTX is considered as a candidate standard for the MBA for PSP toxins in Japan [5] . Use of dcSTX as a standard would help minimize individual differences among assays. The relative toxicity ratios of dcSTX to STX were not so different among the studies (0.478 in this study, 0.513 in Oshima's report [3] and 0.636 in Munday's report [2] , based on moles); however, an interlaboratory collaborative study is needed to determine the official conversion factor of the dcSTX standard to the STX (·2HCl) standard provided by the FDA in the future. a) The STX standard was provided by the FDA, but more precisely, it was STX·2HCl., b) As dcSTX diacetate salt.
